Learning and memory processes carried out within the hippocampus are influenced by stress in a complex manner, and the mechanisms by which stress modulates the physiology of the hippocampus are not fully understood. This review addresses how the production and release of the neuropeptide corticotropin-releasing hormone (CRH) within the hippocampus during stress influences neuronal structure and hippocampal function. CRH functions in the contexts of acute and chronic stresses taking place during development, adulthood and aging. Current challenges are to uncover how the dynamic actions of CRH integrate with the well-established roles of adrenal-derived steroid stress hormones to shape the cognitive functions of the hippocampus in response to stress.
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Why study the effects of stress on the hippocampus? The hippocampal formation is a complex and highly organized brain structure [1] involved in encoding, storing and retrieving information, in other words, in learning and memory [2, 3] . Afferent inputs into the hippocampus provide information from both within and outside the brain, and this information is parsed and processed through specific molecular, functional and structural synaptic mechanisms [4] . Given that these incoming signals convey messages about a changing and evolving environment, it is teleologically reasonable for the hippocampus to be endowed with mechanisms to recognize the salience of incoming new messages and distinguish crucial signals from trivial ones. Of specific and paramount importance is the ability to identify, store and react to potentially lifethreatening signals.
Stress is an external or internal signal indicating potential or perceived threat [5] [6] [7] [8] . Stress is ubiquitous and is biologically important because it enables both rapid and delayed adaptive processes to a changing environment [5] [6] [7] . Indeed, the mammalian brain is equipped with numerous sensing devices to identify stress, as well as mechanisms to respond to -and be influenced by -stressful signals [6, 9] . The hippocampus appears to be particularly vulnerable to the effects of stress [6, [9] [10] [11] , although the relationship between stress and hippocampal function is complex, depending on the context and nature of the stress [6, 7, 12, 13] . Mild or short-lasting stress often enhances hippocampal function by augmenting synaptic plasticity, perhaps reflecting the adaptive importance of remembering threatening or dangerous circumstances [6, 7, 14] . However, these same mechanisms, when activated intensely or for a prolonged period, may render the hippocampus susceptible to detrimental effects of chronic or severe stress [7, 14, 15] . In fact, chronic stress impairs learning and memory function in both humans and experimental animals [7, 10, [12] [13] [14] [15] .
Structural foundations of the actions of stress on hippocampal functions
Stress affects learning and memory processes, at least in part, through altering the structure of hippocampal neurons [11, 15] . These stress-induced changes take place at several levels, ranging from rapid modifications of the synaptic machinery to the eventual restructuring (remodeling) of dendritic branches [9] [10] [11] . Indeed, one of the most consistently observed effects of chronic stress on the hippocampus is a reduction (retraction) in the branching of pyramidal cell dendrites [11, [16] [17] [18] . Dendrite integrity is governed by the presence of functional excitatory synapses, which are located primarily on specialized structures known as dendritic spines [19] [20] [21] . Rapid, stress-induced dendritic spine loss has been found in the distribution of eventual dendritic atrophy in adult hippocampus [22] [23] [24] , suggesting that they are related. Importantly, the number and shape of synapse-bearing spines are dynamic [19] [20] [21] and are regulated by factors including neurotransmitters, growth factors and hormones that, in turn, are governed by environmental signals, including stress [25, 26] . Thus, a derangement of spine dynamics may provide a mechanism for stress-evoked changes in synaptic function, followed by dendrite loss and cognitive impairments.
Multiple stress mediators shape the hippocampus Because of the significant impact of stress on hippocampal structure and function, the mechanisms by which stress exerts these effects have been intensely studied [6, 7, 10] . Multiple mediators regulate the effects of stress on hippocampus (Box 1), and these molecules influence the brain along a continuum of spatial and temporal domains (Figure 1) . Glucocorticoids, which are released peripherally in response to stress, can have broad effects on brain function [5, 8, 9, [27] [28] [29] [30] , whereas the local release of neurotransmitters and neuropeptides within the hippocampus itself provide for more spatially restricted modulation of specific synaptic populations [6, 14] . The repertoire of stress mediators also enables temporal specificity in the regulation of hippocampal neurons [6, 14] . Although rapid
